Antioxidants protect rat diaphragmatic muscle function under hypoxic conditions.
In hypoxia, mitochondrial respiration is decreased, thereby leading to a buildup of reducing equivalents that cannot be transferred to O2 at the cytochrome oxidase. This condition, called reductive stress, can paradoxically lead to enhanced formation of reactive O2 species, or a decrease in the ability of the cell to defend against an oxidative stress. We hypothesized that antioxidants would protect tissues under conditions of hypoxia. Rat diaphragm strips were incubated in tissue baths containing one of four antioxidants: N-acetyl-L-cysteine, dimethyl sulfoxide, superoxide dismutase, or Tiron. The strips were directly stimulated in an electrical field. Force-frequency relationships were studied under baseline oxygenation (95% O2-5% CO2), after 30 min of hypoxia (95% N2-5% CO2), and 30 min after reoxygenation. In all tissues, antioxidants markedly attenuated the loss of contractile function during hypoxia (P < 0.01) and also significantly improved recovery on reoxygenation (P < 0.05). We conclude that both intracellular and extracellular antioxidants improve skeletal muscle contractile function in hypoxia and facilitate recovery during reoxygenation in an in vitro system. The strong influence of antioxidants during hypoxic exposure suggests that they can be as effective in protecting cell function in a reducing environment as they have been in oxidizing environments.